. Most dead birds were collected by state or town personnel in Connecticut and sent to the Pathobiology Department at the University of Connecticut, Storrs, where they were examined for postmortem and nutritional condition, gross lesions, and microscopic evidence indicative of encephalitis. Brain tissue from birds with presumed encephalitis were frozen at Ϫ70 o C and then sent to the Connecticut Agricultural Experiment Station, New Haven, for virus testing. Corresponding brain sections were processed for histologic examination. A 10% suspension of each sampled brain tissue was prepared in 1.5 ml of phosphate-buffered saline by triturating with a mortar and pestle (3) . Two to seven tissue samples from each brain were tested for virus. Alundum was added to facilitate homogenization of tissue. Suspensions were centrifuged at 520g for 10 min. The supernatant of each sample was then passed through a 0.22-m filter before inoculation of a 100-l sample onto a monolayer of Vero cells. Cells were grown and examined for cytopathologic effect (3) . Isolates were initially tested against reference antibodies (6). 8. Connecticut towns from which dead crows were collected and virus isolated from brain tissues (number of isolates in parentheses): Bridgeport (n ϭ 1), Darien (n ϭ 1), Fairfield (n ϭ 4), Greenwich (n ϭ 3), Hamden (n ϭ 1), Madison (n ϭ 1), Milford (n ϭ 1), New Canaan (n ϭ 1), New Haven (n ϭ 3), North Haven (n ϭ 1), Norwalk (n ϭ 1), Redding (n ϭ 1), Stamford (n ϭ 5), Stratford (n ϭ 1), Weston (n ϭ 1), Westport (n ϭ 1), and Woodbridge (n ϭ 1). 9. The Cooper's hawk was observed alive on the ground on 25 September 1999 and was described as having difficulty standing, spinning in circles, and having seizures. It died 11 hours after being found. Gross pathology of the brain showed extensive hemorrhage. 10. D. L. Swofford, PAUP: Phylogenetic Analysis Using Parsimony Users Manual (Illinois Natural History Survey, Champaign, 1993). Data were analyzed by PAUP 4b.1 with maximum parsimony, maximum likelihood, and neighbor-joining analysis. The data set was identical for all analyses. A total of 933 characters was used, including insertions created during (Clustal X ) alignment. All characters were unordered and had equal weight; all sites were assumed to evolve at the same rate. Four hundred and forty-six characters were constant, 281 characters were parsimony-uninformative, and 206 characters were parsimony-informative. Gaps were treated as missing.
For maximum parsimony analysis, the best tree found ϭ 754; number of trees retained ϭ 1. The branch and bound method of search was used to guarantee finding the shortest tree (or trees). For the bootstrap analysis, 500 replicates were run with the maximum parsimony method. Maximum likelihood analysis settings corresponded to the Felsenstein model. Transition/transversion ratio ϭ 2 ( ϭ 3.88125); molecular clock was not enforced; trees with approximate likelihoods of 5% or further from the target score were rejected without additional iteration; "MulTrees" option was in effect; topological constraints were not enforced. Score for best tree found by maximum likelihood analysis ϭ 4278.24084; number of trees retained ϭ 1. Trees were run as unrooted. Passage 2 of each virus isolate was grown in Vero cells (3) at 37°C. Infected cells were scraped from the bottom of the flask, centrifuged at 4500g for 10 min, and the supernatant was discarded. RNA was extracted from the pellet using the Rneasy mini protocol (Qiagen), eluting the column twice with 40 l of ribonuclease-free water. Two microliters of each eluate were used in a 50-l reverse transcription-polymerase chain reaction (RT-PCR) with the GeneAmp EZ rTth RNA PCR kit (Perkin-Elmer In late summer 1999, an outbreak of human encephalitis occurred in the northeastern United States that was concurrent with extensive mortality in crows (Corvus species) as well as the deaths of several exotic birds at a zoological park in the same area. Complete genome sequencing of a flavivirus isolated from the brain of a dead Chilean flamingo (Phoenicopterus chilensis), together with partial sequence analysis of envelope glycoprotein (E-glycoprotein) genes amplified from several other species including mosquitoes and two fatal human cases, revealed that West Nile (WN) virus circulated in natural transmission cycles and was responsible for the human disease. Antigenic mapping with E-glycoprotein-specific monoclonal antibodies and E-glycoprotein phylogenetic analysis confirmed these viruses as WN. This North American WN virus was most closely related to a WN virus isolated from a dead goose in Israel in 1998.
In late August and early September 1999, New York City and surrounding areas experienced an outbreak of human encephalitis consistent with an arboviral etiology. Serological evidence from this outbreak implicated a flavivirus as the etiologic agent. Concur-rent with this human encephalitis outbreak, a viral encephalitis of unknown etiology was discovered in American crows (Corvus brachyrhynchos) and fish crows (Corvus ossifragus) dying in the same geographic area. Deaths were also observed among several exotic avian species, including a Chilean flamingo (Phoenicopterus chilensis) at the Bronx Zoo. Necropsy samples from these birds were submitted to the National Veterinary Services Laboratories, U.S. Department of Agriculture, and were inoculated into embryonated chicken eggs for virus isolation. Flavivirus-like particles (diameter 40 nm) were observed by electron microscopy in the allantoic fluid 4 days after inoculation. The isolates were forwarded to the Centers for Disease Control and Prevention (CDC) for identification.
The complete nucleotide sequence of one of these viral isolates (WN-NY99, from the dead Chilean flamingo) has now been determined. The viral genomic RNA was amplified and copied into overlapping DNA fragments of ϳ2 to 3 kb by means of the reverse transcription polymerase chain reaction (RT-PCR) (1). Both strands of the purified DNAs were sequenced with the use of primers spaced about 400 bases apart along the entire genome. The complete 11,029-nucleotide genomic sequence of WN-NY99 has been submitted to GenBank (accession number AF196835). The deduced amino acid sequence of the coding region of WN-NY99 (genomic positions 97 to 10,395) is shown in Fig. 1 . The WN-NY99 virus genome exhibited standard flavivirus genomic organization, the same overall genomic organization as was described for the WN-Nigeria and Kunjin (KUN) viruses (2) . A short 5Ј noncoding region of 96 nucleotides is followed by an ATG initiation codon at position 97 and a single open reading frame of 10,302 nucleotides coding for three structural proteinscapsid, premembrane ( prM), and envelope (E)-and five nonstructural proteins (NS1, NS2a /NS2b, NS3, NS4a /NS4b, and NS5). The coding region of WN-NY99 is followed by a 3Ј noncoding region of 631 nucleotides.
To identify the New York virus antigenically, we performed indirect immunofluorescence antibody tests using a panel of welldefined monoclonal antibodies (mAbs) to map various isolates from birds and mosquitoes. The mAb end-point titers with the North American isolates were compared to titers derived with other representatives of the Japanese encephalitis (JE) virus serocomplex of flaviviruses (Table 1) . These mAbs, which are specific for the E-glycoprotein, can distinguish WN virus from KUN virus and can also distinguish either of these viruses from other members of the JE virus serocomplex. Viruses were grown in Vero cells, spotted onto 12-well slides, air-dried, and fixed with acetone before staining. All viruses reacted similarly with the broad flavivirus-reactive, positive-control mAb 4G2 (3, 4) . None of these viruses reacted with the negative-control antibody, which is specific for the E1 glycoprotein of eastern equine encephalitis (EEE), an unrelated alphavirus (5 virus-specific mAb 10A1 (four-to eightfold titer differences) (6 -8 WN virus belongs to the family Flaviviridae, genus Flavivirus, and is a member of the JE virus serocomplex, which also includes JE, SLE, MVE, and KUN viruses, among others (11) . Flaviviruses are plus-sense, single-stranded RNA viruses with a genome of ϳ11,000 nucleotides (2). Recently published sequence and phylogenetic data suggest that, within this serocomplex, KUN viruses appear to be a subtype of WN virus rather than a separate viral species (12) . Although flaviviruses are closely related to each other antigenically and cross-react in serological tests with polyclonal antisera, most have a rather distinctive geographic distribution. Those of the JE serocomplex are maintained in a natural transmission cycle involving mosquito vectors and bird reservoir hosts. Humans and horses are usually incidental hosts.
To determine more precisely the relationships between the WN-NY99 virus and other related virus strains, we performed a phylogenetic analysis on an informative region of the E-glycoprotein gene (genome positions 1402 to 1656) (12, 13) . Aligned nucleic acid sequence data from 33 WN viruses, seven KUN viruses, and one JE virus were analyzed with the use of algorithms for parsimony (PAUP), distance (MEGA; Fig. 2) , and maximum likelihood (fastDNAml) (14 -17) . The phylogenetic trees generated by these analyses had the same overall topology as that previously observed, insofar as all WN and KUN viruses are separated into two major lineages (12, 13) . Viruses in lineage 1 are primarily of West African, Middle Eastern, Eastern European, and Australian origin. Lineage 2 consists exclusively of viruses from the African continent that have apparently not been involved in human or equine outbreaks, but rather are maintained in enzootic cycles.
Within lineage 1, the KUN viruses and the Indian WN viruses both appear as monophyletic sister clades to the European and African WN viruses. The WN-NY99 virus is found within lineage 1 and is most closely related to WN viruses that have recently been isolated from North Africa, Romania, Kenya, Italy, and the Middle East. Of particular note is the close relationship between the WN-NY99 virus and a WN virus isolated from the brain of a dead goose in Israel in 1998. Phylogenetic analysis of a portion of the gene encoding the NS5 protein and of the 3Ј noncoding region (830 bases) of 12 WN and KUN viruses also generates trees with nearly identical topology, with WN-NY99 demonstrating the closest relationship with lineage 1 WN viruses (18) . Flavivirus sequences amplified from brain specimens from fatal hu- 
Fig. 2.
Phylogenetic tree based on E-glycoprotein nucleic acid sequence data (255 base pairs). The tree was constructed with the program MEGA by neighbor-joining with Kimura two-parameter distance (scale bar). Bootstrap confidence level (500 replicates) and a confidence probability value based on the standard error test (22, 23) were calculated using MEGA and are included on the tree (top and bottom values, respectively), illustrating support for the division between the lineage 1 WN virus group (not including the India isolates) and the KUN virus group. The best estimated length of the segment (bold line) separating these groups, in units of expected nucleotide substitutions per site, is 0.06928 and is statistically significantly positive (P Ͻ 0.01) by the likelihood ratio test (fastDNAml maximum likelihood program). An approximate 95% confidence interval for the true length of this segment is 0.03347, 0.10737. The isolate history of strains used in this tree and the alignment used for analysis are available upon request from the authors. To investigate these relationships further, we derived additional sequence data from the structural gene region of the genome ( positions 549 to 1826 in the genes encoding the prM and E proteins) from selected isolates obtained during the 1999 epidemic and compared them to other WN strains within lineage 1 for which sequence data from this region were available. Table 2 displays the percent identity among these viruses. The high degree of sequence similarity (Ͼ99.8%) among the various strains circulating throughout New York City and surrounding counties and states indicates that a single WN strain was introduced and circulated during the U.S. WN virus outbreak. The identical genomic sequences identified from human brain specimens also confirm the association of this WN-NY99 virus with human disease. The small number of nucleotide substitutions observed among the strains analyzed is indicative of viral microevolution occurring during the outbreak.
A high degree of similarity between all of the U.S. WN viruses and the WN virus isolated in Israel in 1998 (Ͼ99.8%) was observed. Within these 1278 nucleotides (genome positions 549 to 1826), only two nucleotide differences occurred between WN-NY99 and WNIsrael 1998. Although this high degree of homology was unexpected, it could not have resulted from cross-contamination of U.S. viruses with the Israeli virus; the sequencing of the WN-Israel 1998 virus was performed independently at the Pasteur Institute, whereas the isolation and sequencing of New York isolates was carried out independently at CDC. For comparison, analysis of this same region of WN-NY99 with another virus within the same lineage (Romania 1996, mosquito isolate) revealed 37 nucleotide differences (96.9% identity). The cumulative data support the hypothesis that the epidemic and epizootic observed in the late summer of 1999 in the northeastern United States ( primarily New York, New Jersey, and Connecticut) are attributable to a WN virus that has been circulating in the Mediterranean region since 1998. It is noteworthy that the WN-Israel 1998 virus was associated with increased pathogenicity for birds, a property also observed in the U.S. outbreak and previously observed only experimentally (20) . The absence of reported human cases during this Israeli epizootic may be due to background human immunity to the WN virus in Israel.
The northeastern U.S. outbreak is the first documented incidence of the WN virus in the Western Hemisphere. This virus has a widespread distribution in Africa, West Asia, and the Middle East, occasionally causing epidemics in Europe that are thought to be initiated by viruses introduced by migrant birds (21) . The current epidemic of WN virus in New York City is unprecedented and underscores the ease with which pathogens can move among the population centers of the world. It is not yet known how the virus was introduced, nor how long it has been in the United States. The extent of its geographic distribution remains a mystery, as does the long-term impact it may have on human and animal health. The WN virus could have entered the Western Hemisphere through a number of mechanisms, including travel by infected humans, importation of illegal birds or other domestic pets, or unintentional introduction of virus-infected ticks or mosquitoes. Additional surveillance as well as field and laboratory studies are in progress to help address these questions. Because it cannot be predicted whether the WN virus will reappear in the year 2000 transmission season, all components of the public health system must be prepared with rapid surveillance and clinical detection systems in place.
References and Notes
1. The following RT-PCR and sequencing protocol was used. RNA was extracted from chicken embryo allantoic fluid with the QIAamp Viral RNA kit (Qiagen); 140 l of starting material was extracted, according to the manufacturer's protocol, and the RNA was resuspended in a final volume of 100 l of ribonuclease-free water. DNA templates for sequencing were then generated as follows: The entire RNA genome of WN-NY99 (flamingo 382-99) was converted/copied into six overlapping double-stranded DNA fragments in multiple RT-PCR reactions using the WN-specific primer pairs 109/1442c, 1248/ 2737c, 2414/5237c, 5119/7990c, 7336/9794c, and 9661/10,489c (where c ϭ complementary). The 3Ј end of WN-NY99 virus was amplified by addition of a polyadenylate [poly(A)] tail onto the genome with poly(A) polymerase, followed by a RT-PCR reaction with the WN-specific primer 10,141 in combination with an oligo(dT ) anchor primer. The 5Ј end of WN-NY99 was amplified with the 5Ј RACE System kit (Life Technologies, Gaithersburg, MD) and WNspecific primers 619c and 348c. Sequencing of additional WN isolates in the prM-E region (see text) was accomplished with the use of the primer pairs in the corresponding region of the genome, as described above. All WN-specific RT-PCR and sequencing primers were designed with the use of OLIGO (Molecular Biology Insights Inc., Cascade, CO) and the published sequences of WN (GenBank accession numbers M12294 and M10103) and Kunjin (GenBank accession number D00246). RT-PCR reactions were performed with the TITAN One Tube RT-PCR kit (Boehringer Mannheim) following the manufacturer's protocol. The resulting DNA fragments were purified by electrophoresis on 1% agarose gels; the DNA bands 
